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Abstract
Objective There are three categories of drugs that treat human epidermal growth factor receptor type 2 (HER-
2) positive breast cancer: monoclonal antibodies (mAbs), antibody-drug conjugates (ADCs), and tyrosine kinase 
inhibitors (TKIs). The purpose of this study is to analyze and compare the adverse reactions of three classes of anti-
HER-2 drugs to various body systems in patients based on the FDA Adverse Event Reporting System (FAERS).

Methods All data reports were extracted from the FAERS between 2004 and 2024. Data mining of adverse events 
associated with anti-HER-2 drugs was carried out using disproportionality analysis. A multivariate logistic regression 
analysis was conducted to explore the risk factors associated with AEs leading to hospitalization.

Results A total of 47,799 patients were screened for the three classes of drugs, among which ADC drugs caused 
the largest proportion of deaths. MAb has the strongest ADR signals associated with “cardiac disorders”. Moreover, 
trastuzumab was associated with a greater risk of cardiotoxicity. Logistic regression analysis revealed that the 
treatment with mAbs should be wary of serious adverse reactions in “infections and infestations” and “metabolism 
and nutrition disorders”. Moreover, “endocrine disorders” were the factor associated with the highest risk of prolonged 
hospitalization due to trastuzumab deruxtecan (T-DXd). The safety of tucatinib among TKI drugs is greater than that of 
other drugs.

Conclusion In general, from the perspective of the effects of the three classes of drugs on the various body 
systems of patients, we should focus on mAb-associated “cardiac disorders”, ADC-associated “hepatobiliary disorders”, 
“respiratory, thoracic and mediastinal disorders”, and TKI-associated “gastrointestinal disorders.
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Introduction
Breast cancer is the leading cause of cancer death in 
women. According to the latest data from the United 
States in 2023, breast cancer accounts for more than 
32% of new cases of female cancer, which has attracted 
global attention [1]. Breast cancer is a heterogeneous 
disease that can be classified into four distinct molecu-
lar subtypes based on cell surface receptor expression: 
luminal A, luminal B, human epidermal growth fac-
tor receptor type 2 (HER-2), and triple-negative breast 
cancer (TNBC). Each subtype has unique characteris-
tics, epidemiology, response to treatment, and progno-
sis [2–4]. Among these subtypes, HER-2-positive breast 
cancer is characterized primarily by HER-2 overexpres-
sion and is considered the second most invasive subtype 
[3, 4]. Approximately 20–30% of breast cancers demon-
strate HER-2 amplification and/or overexpression. The 
overexpression of the HER-2 receptor is associated with 
a poor prognosis for patients and shorter overall survival 
[5, 6]. Therefore, HER-2 receptors are the best oncologic 
target for treatment interventions, management, and 
targeted therapy development for HER-2-positive breast 
cancer. Currently, HER-2 pathway-blocking drugs used 
worldwide for the treatment of HER-2-positive breast 
cancer include three categories: monoclonal antibodies 
(margetuximab, pertuzumab, trastuzumab), antibody-
drug conjugates (trastuzumab deruxtecan, trastuzumab 
emtansine), and tyrosine kinase inhibitors (lapatinib, 
neratinib, pyrotinib, tucatinib) [7].

With the wide application of these different kinds of 
HER-2-targeting drugs, their adverse drug reactions 
have also aroused widespread concern. For example, 
anti-HER-2 monoclonal antibodies can cause cardio-
toxicity, with an incidence ranging from 0.7–12% [8, 9], 
and approximately 40% of patients may experience aller-
gic reactions such as fever, chills, hypotension, dyspnea, 
and rash during or after infusion [10, 11]. The incidence 
of diarrhea associated with pertuzumab has reached 
72% [12, 13]. Some reports have shown that trastu-
zumab, trastuzumab deruxtecan, and lapatinib are cor-
related with interstitial lung disease, resulting in an 
overall adverse reaction incidence rate of 2.4%, whereas 
the incidence rate of interstitial lung disease caused by 
trastuzumab shows a high incidence rate of 21.4% [14]. In 
addition, tyrosine kinase inhibitor therapy can also lead 
to hepatotoxicity, diarrhea, neutropenia, leukopenia, and 
severe skin reactions, such as palmar-plantar erythro-
dysesthesia (PPE) (in more than 25% of patients) [15, 16]. 
Therefore, it is necessary to conduct an in-depth analysis 
and evaluation of adverse reactions associated with HER-
2-targeted drugs for the treatment of HER-2-positive 
breast cancer.

The FDA Adverse Event Reporting System (FAERS) is 
a spontaneous reporting system for adverse events (AEs) 

established by the US Food and Drug Administration 
(FDA) and is designed to support postmarketing moni-
toring plans for drugs and therapeutic biologic products 
[17]. The FAERS is the world’s largest pharmacovigilance 
tool and encompasses adverse reaction reports from vari-
ous regions worldwide. It is used to collect and analyze 
adverse events related to drug use, including adverse 
drug reactions(ADRs), drug misuse, drug abuse, and drug 
overdose, etc. Based on real-world raw data from the 
FAERS database, this study conducted a comprehensive 
analysis of adverse reactions associated with three types 
of HER-2-targeted drugs for HER-2-positive breast can-
cer by using disproportionation methods to identify risk 
signals in three types of drug adverse reaction reports 
and compared their differences. In addition, the risk fac-
tors associated with the occurrence of adverse reactions 
and possible causal relationships were evaluated.

The significance of this project lies in providing a sci-
entific basis for safe drug utilization, guiding health care 
professionals and patients in making rational medication 
choices, avoiding unnecessary risks, and ensuring safe 
medication for patients by reducing adverse drug reac-
tions through pharmacovigilance research, all of which 
can save medical costs, reduce medical insurance expen-
ditures, improve patient satisfaction with medical ser-
vices and drug quality, and contribute to social economic 
benefits and overall social productivity.

Methods
Data source
This study acquired original data from Q1 of 2004 to Q3 
of 2024 from the FAERS database downloaded from the 
FDA public database. We acquired 83 quarterly Ameri-
can Standard Code for Information Interchange (ASCII) 
data packages, which contain seven parts: patient demo-
graphic and management information, drug information, 
adverse event information, patient medical outcomes, 
reporting sources, start and end of drug treatment infor-
mation, and drug indications. Additionally, this study 
used the preferred term (PT) from the Medical Diction-
ary for Regulatory Activities (MedDRA version 27.0) to 
code adverse events in the FAERS database and list pri-
mary system organ classes (SOCs) corresponding to 
these PTs. Our study contains 27 SOCs, and we used 
MedDRA (version 27.0) to classify adverse events in each 
report to the corresponding SOC levels where a PT can 
be linked to more than one SOC because of MedDRA’s 
multiaxiality. Within the significant safety signal for each 
SOC, we reported counts of each adverse event found 
using PTs to describe the most frequent adverse events in 
each SOC for every drug [18, 19].
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Study design
There are three types of anti-HER-2 drugs targeted to 
treat HER-2-positive breast cancer, including monoclonal 
antibodies (margetuximab, pertuzumab, trastuzumab), 
antibody-drug conjugates (trastuzumab deruxtecan 
(T-DXd), trastuzumab emtansine (T-DM1)), and tyro-
sine kinase inhibitors (lapatinib, neratinib, pyrotinib, 
tucatinib). During the screening process, we established 
the inclusion criteria for patients’ indications to include 
the field “breast cancer”. Since the data in the FAERS 
database were collected using spontaneous reports, we 
conducted this process in strict accordance with the 
guidance document from the FDA website for data clean-
ing and deleted some duplicate reports or reports that 
were withdrawn/deleted from the database. According to 
the method of removing duplicate reports recommended 
by the FDA, we selected the PRIMARYID, CASEID, and 
FDA_DT fields from the DEMO table and sorted them 
by CASEID, FDA_DT, and PRIMARYID. We selected the 
reports with the same CASEID and retained the largest 
FDA_DT value. For those reports with the same CASEID 
and FDA_DT, we retained the largest PRIMARYID value.

The FAERS database uses the field “DRUGNAME” to 
signify drug names and the field “PROD_AI” to note the 
product components, and each patient (report) will have 
only “the first Suspect (Primary Suspect Drug, PS)” of 
drugs; therefore, we only considered the first suspected 
patients with target drugs. Patients were included in the 
target drug population if the patient’s first suspected drug 
was the target drug of the study. For each patient, we 
retrieved demographic characteristics (sex, age), admin-
istrative information (reporter region, reporter year), 
and reaction details (time to ADR onset, severity, and 
outcomes). During the data mining process, we searched 
using preferred terms (PTs), counted records according 
to individual safety reports (ISRs) and employed dispro-
portionality analysis (DPA) methods to identify risk sig-
nals in adverse reaction reports.

Statistical analysis
This study is based on disproportionality analysis to 
detect safety signals for drugs. We used the report-
ing odds ratio (ROR) and proportional reporting ratio 
(PRR) to measure the association ratio of the observed 
frequency in the exposed population compared to that 
in the nonexposed population [20, 21]. Furthermore, 
we used a multi-item gamma Poisson shrinker (MGPS) 
[22] and a Bayesian confidence propagation neural net-
work (BCPNN) [23] to confirm our findings and decrease 
false-positive safety signals. These methods are based on 
a four-grid table (Supplemental Table 1) to analyze the 
association between drug exposure and the AE (signal). 
The formulas of proportional imbalance methods are 
shown in Supplemental Table 2. A signal was determined 

if a ≥ 3, 95% CI lower threshold exceeded 1, the PRR was 
> 2 with a corresponding χ2 > 4, and the IC 95% CI lower 
value was > 0. In this study, if the PRR or ROR was ≥ 2.0 
and the 95% confidence interval values exceeded 1.0 (null 
value), we considered the safety signals to be significant 
[24]. The AE signal was stronger when the ROR and the 
PRR were greater and indicated a stronger statistical rela-
tionship between the target drug and the target AE. All 
analyses were performed using SAS9.4, and GraphPad 
Prism (v 9.1) was used to construct the figures. In addi-
tion, SAS 9.4 (a pharmacovigilance tool) was used to 
analyze and conduct retrospective pharmacovigilance 
analysis of adverse event information about the target 
drug [25, 26].

Through regression analysis, we analyzed the risk of 
hospitalization due to SOCs associated with the AEs of 
anti-HER-2 drugs. First, one-way logistic regression was 
performed. The 27 SOCs associated with the occurrence 
of adverse reactions were taken as independent variables, 
and the outcome of patients’ adverse reactions (whether 
hospitalization occurred) was considered the response 
variable. Second, multivariate logistic regression was per-
formed on SOCs with p < 0.05 in the univariate regres-
sion to identify which factors might contribute to an 
increased risk of hospitalization. To determine the accu-
racy of the regression model, receiver operating charac-
teristic (ROC) analysis was performed. The area under 
the curve (AUC) is a measure of the ROC curve, and an 
AUC > 0.7 usually indicates that the model has good pre-
dictive power [27].

Results
Patient characteristics
The FAERS database has recorded 18,278,243 cases 
(after deletion) from the first quarter of 2004 to the third 
quarter of 2024, including 47,799 reports for target anti-
HER-2 drugs, with 5584, 23,625, 4573, 3558, 7225, 1338, 
and 1896 attributed to pertuzumab, trastuzumab, T-DXd, 
T-DM1, lapatinib, neratinib and tucatinib, respectively, 
as the primary suspect. We summarized patients’ demo-
graphics in these 47,799 reports for descriptive analy-
sis, which are outlined in the form of charts (Table  1). 
Among all the drugs used in this study, females (85.64%) 
were more often affected than males. This may be closely 
related to the characteristics of breast cancer itself. 
Except for a considerable number of reports that did not 
specify the age of patients, reports of patients receiving 
anti-HER-2 drugs tended to be approximately 45–64 
years of age. Notably, lapatinib (43.52%) in the TKI class 
was associated with a greater incidence of adverse reac-
tions in patients aged 45–64 years than the other six 
anti-HER-2 drugs. With respect to the distribution of the 
time to ADR onset across all drugs, with the exception 
of nonspecific or abnormal values, 7 anti-HER-2 drugs 
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were associated with a duration of approximately 0–30 
days. For mAb drugs, pertuzumab (29.21%) was associ-
ated with a greater incidence of ADRs within 0–30 days 
than trastuzumab (18.02%). The proportion of T-DM1 
and T-DXd in ADC drugs was similar. However, the 
occurrence rate of ADRs caused by TKI drugs from 0 
to 30 days varied greatly. Specifically, lapatinib occurred 
in 26.69%, neratinib in 20.10%, and tucatinib in 8.12% 
of the patients. The majority of the outcomes for the 
patients in the reports were HO (hospitalization–initial 

or prolonged), including pertuzumab as a mAb (36.39%), 
which had the highest proportion, followed by tucatinib 
as a TKI (35.07%). However, the proportion of HO result-
ing from T-DM1 treatment (32.15%) is relatively higher. 
Moreover, in terms of the overall severity of all reports, 
mAb drugs led to the most severe ADRs (pertuzumab 
at 85.94%, trastuzumab at 85.46%). The ADC drugs 
were associated with the second most severe incidence 
of ADRs (T-DXd at 77.08%, T-DM1 at 83.87%). The 
incidence of severe ADRs associated with TKI drugs is 

Table 1 Demographics in patients with Anti-HER2 drugs related adverse events
Characteristic mAb ADC TKI

Pertuzumab Trastuzumab T-DXd T-DM1 Lapatinib Neratinib Tucatinib
N 5584 23,625 4573 3558 7225 1338 1896
Report Region
 Asia 2148(38.47) 5786(24.49) 648(14.17) 1134(31.87) 1107(15.32) 12(0.90) 26(1.37)
 Europe 1463(26.20) 8541(36.15) 992(21.69) 957(26.90) 1281(17.73) 86(6.43) 313(16.51)
 South America 123(2.20) 1071(4.53) 73(1.60) 123(3.46) 130(1.80) 52(3.89) 0(0.00)
 Africa 71(1.27) 340(1.44) 7(0.15) 23(0.65) 47(0.65) 1(0.07) 0(0.00)
 Oceania 68(1.22) 351(1.49) 24(0.52) 67(1.88) 64(0.89) 2(0.15) 5(0.26)
 North America 1709(30.61) 7171(30.35) 2828(61.84) 1253(35.22) 4431(61.33) 1173(87.67) 1551(81.80)
 NS 2(0.04) 365(1.54) 1(0.02) 1(0.03) 165(2.28) 12(0.90) 1(0.05)
Sex
 Female 5094(91.22) 19,715(83.45) 4070(89.00) 3288(92.41) 6864(95.00) 64(4.78) 1840(97.05)
 Male 55(0.98) 222(0.94) 59(1.29) 44(1.24) 61(0.84) 0(0.00) 23(1.21)
 NS 435(7.79) 3688(15.61) 444(9.71) 226(6.35) 300(4.15) 1274(95.22) 33(1.74)
Age
 < 18 0(0.00) 9(0.04) 3(0.07) 2(0.06) 2(0.03) 0(0.00) 1(0.05)
 18–44 734(13.14) 2774(11.74) 256(5.60) 389(10.93) 772(10.69) 14(1.05) 137(7.23)
 45–64 2139(38.31) 7690(32.55) 1016(22.22) 1336(37.55) 3144(43.52) 40(2.99) 386(20.36)
 65–74 682(12.21) 2399(10.15) 442(9.67) 429(12.06) 941(13.02) 3(0.22) 142(7.49)
 ≥ 75 272(4.87) 1003(4.25) 234(5.12) 150(4.22) 360(4.98) 3(0.22) 37(1.95)
 NS 1757(31.46) 9750(41.27) 2622(57.34) 1252(35.19) 2006(27.76) 1278(95.52) 1193(62.92)
Time to ADR onset
 0-30d 1631(29.21) 4257(18.02) 506(11.06) 558(15.68) 1928(26.69) 269(20.10) 154(8.12)
 31-60d 217(3.89) 673(2.85) 122(2.67) 121(3.40) 403(5.58) 39(2.91) 45(2.37)
 61-90d 164(2.94) 514(2.18) 99(2.16) 125(3.51) 305(4.22) 20(1.49) 21(1.11)
 91-120d 131(2.35) 392(1.66) 64(1.40) 77(2.16) 197(2.73) 8(0.60) 12(0.63)
 121-150d 75(1.34) 317(1.34) 57(1.25) 48(1.35) 152(2.10) 7(0.52) 11(0.58)
 151-180d 53(0.95) 227(0.96) 37(0.81) 45(1.26) 103(1.43) 1(0.07) 10(0.53)
 181-360d 130(2.33) 844(3.57) 123(2.69) 155(4.36) 312(4.32) 22(1.64) 29(1.53)
 360d< 203(3.64) 1233(5.22) 62(1.36) 193(5.42) 329(4.55) 9(0.67) 20(1.05)
 NS(< 0) 2980(53.37) 15,168(64.20) 3503(76.60) 2236(62.84) 3496(48.39) 963(71.97) 1594(84.07)
Outcome
 LT 282(5.05) 896(3.79) 179(3.91) 128(3.60) 197(2.73) 5(0.37) 7(0.37)
 HO 2032(36.39) 6031(25.53) 1175(25.69) 1144(32.15) 1886(26.10) 331(24.74) 665(35.07)
 DS 77(1.38) 457(1.93) 43(0.94) 66(1.85) 129(1.79) 4(0.30) 13(0.69)
 DE 524(9.38) 2843(12.03) 1091(23.86) 527(14.81) 1134(15.70) 166(12.41) 219(11.55)
 CA 2(0.04) 32(0.14) 2(0.04) 0(0.00) 2(0.03) 0(0.00) 3(0.16)
 RI 0(0.00) 56(0.24) 4(0.09) 6(0.17) 3(0.04) 1(0.07) 0(0.00)
 OT 2509(44.93) 13,144(55.64) 2250(49.20) 1671(46.96) 2263(31.32) 320(23.92) 671(35.39)
Severe ADR 4799(85.94) 20,190(85.46) 3525(77.08) 2984(83.87) 4706(65.13) 669(50.00) 1225(64.61)
LT, Life-Threatening; HO, Hospitalization - Initial or Prolonged; DS, Disability; DE, Death; CA, Congenital Anomaly; RI, Required Intervention to Prevent Permanent 
Impairment/Damage; OT, Other;
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relatively low, and the lowest incidence of adverse reac-
tions associated with neratinib is 50.00%.

Summarizing the adverse event profiles that have 
occurred with the three anti-HER-2 agents since their 
marketing approval, the number of adverse events 
reported (patient dimension) is shown in Fig.  1. Before 
2012, the ADRs were mainly for lapatinib and trastu-
zumab, and ADRs associated with lapatinib were more 
than that for trastuzumab from 2007 to 2011. In the 
past 10 years (2012–2023), mAb drugs, especially 
trastuzumab, have been associated with more ADRs. 
The number of reports of TKI drugs is relatively small, 
and neratinib has the least number of ADR reports. We 
found that the number of reports of lapatinib tended to 
decrease after 2015. With respect to ADC drugs, T-DXd 
has had a greater number of ADR reports than T-DM1 
since its introduction. In 2023, T-DXd (1601 patients) 
had the second highest number of adverse reactions 
reported among the seven drugs after trastuzumab (2366 
patients).

The FAERS database includes adverse event reports 
from different geographic regions of the world, including 
North America, Europe, Asia, South America, Oceania, 
and Africa. Based on the geographic region of the patient, 
we generated a heatmap of the number of patients associ-
ated with three anti-HER-2 drugs. As shown in the heat-
map in Fig.  2, trastuzumab had the highest number of 
reported cases in Europe (8,541 cases), followed by North 
America (7,171 cases) and Asia (5,786 cases). The low-
est number of ADR cases was reported in Africa. Among 
the ADC drugs, T-DXd had a greater number of cases 

in North America (2,828 cases), whereas T-DXd and 
T-DM1 had a lower number of cases in South America, 
Oceania, and Africa. Among the TKI drugs, lapatinib had 
a relatively high number of reported cases on six conti-
nents. Overall, the number of ADR cases reported was 
relatively greater in regions with relatively developed 
economies.

To evaluate and analyze the outcome of ADRs in 
patients with HER-2-related breast cancer treated with 
anti-HER-2 drugs, reports of drug-related death (DE) 
were selected for statistical analysis, and the results are 
shown in Fig. 3. Among the three classes of drugs, ADC 
drugs caused the largest proportion of deaths, followed 
by TKI drugs. Among the patients receiving ADC drugs, 
T-DXd-related mortality was 23.86%, which was also the 
highest among those receiving all seven drugs. Among 
the TKI drugs, lapatinib was associated with a mortal-
ity rate of 15.70%, whereas neratinib and tucatinib were 
associated with similar rates (12.41% and 11.55%, respec-
tively). It is worth noting that, trastuzumab had the high-
est number of ADRs, but its mortality rate is only 12.03%. 
Among all the seven drugs, pertuzumab had the lowest 
mortality rate, at 9.38%.

Descriptive analysis of the AE reports
The circular proportion graph was constructed accord-
ing to the number of PT reports of AEs caused by differ-
ent drugs and is shown in Fig. 4. The number of PTs with 
AEs caused by trastuzumab was as high as 75,323 reports 
at 49.63%, followed by lapatinib with 22,664 reports at 
14.93% and pertuzumab with 15,009 reports at 9.89%. 

Fig. 1 The number of adverse events of three anti-HER-2 drugs since their marketing approval (patient dimension)
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The number of PTs of T-DM1, T-DXd, and tucatinib 
were similar, at 6.91%, 8.06%, and 6.36%, respectively. 
Moreover, we found that among the TKIs, neratinib had 
the lowest number of PTs with AEs with 6,398 reports 
(4.22%).

In accordance with the “polyaxial” characteristics of the 
MedDRA, these drug-related PT signals were dispersed 
to 27 different SOCs. Through analysis of the original 
data of the target drugs, we found that the ADRs of the 
three classes of anti-HER-2 drugs had great differences 

Fig. 3 Proportion of deaths among adverse outcomes associated with three anti-HER-2 agents

 

Fig. 2 Heat map of the number of adverse reactions associated with three anti-HER-2 drugs based on the geographic region of the patient
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in the distribution under different SOCs. As shown in 
Fig.  5, among the 27 SOCs, ADRs related to “general 
disorders and administration site conditions” accounted 
for the highest proportion, followed by “gastrointesti-
nal diseases”. The ADRs associated with SOC, such as 
“congenital, familial and genetic disorders”, “product 
issues”, “social circumstances”, “endocrine disorders” and 

“pregnancy, puerperium and perinatal conditions” con-
stitute a small proportion.

We can intuitively see that mAb had the highest pro-
portion of ADRs in total, followed by TKI, which was 
consistent with the results of the total number of PT sig-
nals for adverse reactions mentioned in Fig. 4. In terms 
of the ADRs associated with “general disorders and 
administration site conditions”, trastuzumab accounted 

Fig. 5 The number of adverse events reported by three anti-HER2 drugs in 27 SOC

 

Fig. 4 The circular proportion graph was constructed according to the number of PT reports of AEs caused by three different anti-HER-2 agents

 



Page 8 of 20Han et al. Breast Cancer Research           (2025) 27:54 

for the highest proportion, followed by lapatinib. How-
ever, among “gastrointestinal disorders”, lapatinib caused 
more ADR reports than “general disorders and adminis-
tration site conditions”. However, among the seven drugs, 
trastuzumab was still the drug with the highest incidence 
of “gastrointestinal disorders”. According to the classifi-
cation of drugs, the number of ADR reports of “gastro-
intestinal disorders” caused by TKI drugs was relatively 
high. Furthermore, in addition to the general disorders 
and gastrointestinal disorders, the number of adverse 
reactions categorized under “respiratory, thoracic, and 
mediastinal disorders” induced by ADCs is relatively 
higher compared to those caused by other standard-of-
care treatments.

Signal analysis of adverse reactions associated with three 
different anti-HER-2 drugs
Through disproportionation analysis, we evaluated the 
signals of ROR, PRR, IC, and EBGM and their 95% con-
fidence intervals (CIs) for three classes of anti-HER-2 
drugs under different SOCs. Four adverse reaction sig-
nals on the 27 system organ class levels of mAb drugs are 
shown in Table  2. Trastuzumab had the strongest ADR 
signals associated with “cardiac disorders” and “preg-
nancy, puerperium and perinatal conditions”. The RORs 
of which were 3.51 (95% CI: 3.40–3.63) and 3.37 (95% CI: 
2.92–3.90); Both the PRR, IC and EBGM also showed sig-
nificant ADR signals. In addition, pertuzumab showed 
a relatively strong ADR signal in “blood and lymphatic 
system disorders”, “cardiac disorders” and “immune sys-
tem disorders”. We plotted the distribution RORs of these 
significant SOCs using forest plots, as shown in Fig.  6. 
The forest plot results further revealed that among the 
two mAb drugs, trastuzumab had a greater frequency 
and stronger signal of ADRs in patients with “cardiac 
disorders”.

Similarly, four adverse reaction signals on the 27 SOC 
levels of ADC drugs are shown in Table 3. T-DM1 shows 
significant ADR signals in “hepatobiliary disorders” only 
(ROR: 3.09, PRR: 3.00, IC: 1.56, EBGM: 2.94). The forest 
plots also show consistent results (Fig.  6). Meanwhile, 
T-DXd had a significant ADR signal in “respiratory, tho-
racic and mediastinal disorders” (ROR: 2.33, PRR: 2.17, 
IC: 1.10, EBGM: 2.14), and “injury, poisoning and pro-
cedural complications” (ROR: 2.07, PRR: 1.98, IC: 0.97, 
EBGM: 1.96). So, we found that T-DM1 did not generate 
a significant signal related to the same SOC with T-DXd.

Through analysis of the ADR signals of the three drugs 
in the TKI class, we found that all three drugs showed 
significant signals in “gastrointestinal disorders”, and the 
signal of neratinib was the strongest (ROR: 4.70, PRR: 
3.36, IC: 1.73, EBGM: 3.31), followed by lapatinib (ROR: 
2.50, PRR: 2.15, IC: 1.07, EBGM: 2.10) (Table  4). Nera-
tinib also had significant ADR effects on “surgical and 

medical procedures” and “metabolism and nutrition 
disorders”. Tucatinib also had significant ADR effects on 
“surgical and medical procedures”. The results of the for-
est plots revealed that tucatinib had a stronger effect than 
neratinib in Surgical and medical procedures (Fig. 6).

Comparison of safety signals of anti-HER-2 drugs in 
different SOCs
Based on the results above, we identified three SOCs with 
significant ADR signals among the three types of anti-
HER-2 drugs. To further compare the characteristics of 
PTs corresponding to each type of drug under the SOC, 
we selected PTs with ROR greater than 2 and the ADR 
reports number of which ranks among the top 5. Simul-
taneously, by combining the corresponding χ² value and 
the number of ADR reports for each PT, a bubble chart 
was plotted to compare the position of each PT, thereby 
analyzing the intensity of the signal. The larger the dots 
in the chart, the greater the number of ADR reports for 
the corresponding PT of the drug. Moreover, when the 
position of the position of the point in the graph is high 
and far both algorithms indicate a stronger signal of 
adverse events. As the results in Fig.  7 show, the signal 
of diarrhea under the SOC of “gastrointestinal disor-
ders” for the three TKI drugs was the strongest. Among 
the three drugs, lapatinib (ROR = 5.40, χ²=6506.34) and 
neratinib (ROR = 7.32, χ²=3897.63) had the highest risk 
of diarrhea, especially lapatinib, which had the largest 
number of reports (2240 cases). Comparatively speak-
ing, the signal of tucatinib has the weakest signal in diar-
rhea (ROR = 3.63, χ²=1191.57). In addition to diarrhea, 
neratinib is also at a significant risk of constipation and 
nausea. Moreover, among the three types of TKI drugs, 
neratinib (ROR = 3.40, χ²=625.74) has the highest risk of 
causing nausea and the most significant signal intensity. 
For lapatinib, the risk and signal of vomiting are stronger 
than those of nausea.

Similarly, we found that both neratinib and tucatinib 
produced strong ADR signals in the SOC of “surgical 
operation and medical treatment”. Moreover, tucatinib 
has the highest risk and the strongest signal of hospice 
care (ROR = 24.77, χ²=1304.21). As shown in Fig.  7, the 
risk of hospitalization associated with tucatinib is com-
parably similar to that of neratinib, but the number of 
cases reported is marginally higher(107 cases). Further-
more, we also noticed that the risks of emergency care 
(ROR = 58.77, χ²=456.27) and breast reconstruction 
(ROR = 15.40, χ²=61.36) related to neratinib are relatively 
high.

The two mAb drugs have different PT signals under the 
SOC of patients with “cardiac disorders”. The results indi-
cate that the risk of cardiotoxicity occurring in patients 
taking tratuzumab (ROR: 12.71, χ²: 3321.87) is the high-
est. Meanwhile, the risk of such cardiotoxicity is much 
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System organ class Trastuzumab Pertuzumab
ROR(95%CI) PRR(95%CI) IC(95%CI) EBGM(95%CI) ROR(95%CI) PRR(95%CI) IC(95%CI) EBGM(95%CI)

Eye disorders 0.85(0.80–0.91) 0.85(0.80–
0.91)

-0.21(-0.31– 
-0.11)

0.86(0.81–0.92) 0.67(0.57–
0.79)

0.67(0.57–
0.79)

-0.57(-0.80– 
-0.32)

0.68(0.57–0.80)

Blood and lymphatic 
system disorders

1.30(1.26–1.34) 1.28(1.25–
1.32)

0.33(0.29–
0.38)

1.26(1.22–1.30) 1.96(1.86–
2.08)

1.88(1.78–
1.98)

0.89(0.81–
0.97)

1.86(1.75–1.96)

Vascular disorders 1.13(1.08–1.19) 1.13(1.08–
1.19)

0.16(0.09–
0.23)

1.12(1.07–1.18) 1.24(1.13–
1.38)

1.24(1.12–
1.36)

0.30(0.15–
0.45)

1.23(1.12–1.36)

Cardiac disorders 3.51(3.40–3.63) 3.34(3.24–
3.45)

1.51(1.47–
1.56)

2.86(2.76–2.95) 1.98(1.83–
2.15)

1.94(1.80–
2.09)

0.94(0.82–
1.05)

1.91(1.77–2.07)

Gastrointestinal 
disorders

0.89(0.86–0.91) 0.90(0.88–
0.92)

-0.14(-0.18– 
-0.11)

0.90(0.88–0.93) 1.21(1.15–
1.27)

1.18(1.13–
1.23)

0.24(0.17–
0.31)

1.18(1.12–1.24)

Reproductive system 
and breast disorders

0.91(0.83–1.01) 0.91(0.83–
1.01)

-0.12(-0.26–
0.02)

0.92(0.83–1.01) 0.72(0.57–
0.92)

0.73(0.57–
0.92)

-0.46(-0.80– 
-0.11)

0.73(0.58–0.92)

Renal and urinary 
disorders

0.83(0.78–0.90) 0.84(0.78–
0.90)

-0.24(-0.35– 
-0.14)

0.85(0.79–0.91) 0.86(0.74–
1.01)

0.86(0.74–
1.01)

-0.21(-0.44–
0.02)

0.87(0.74–1.01)

Social circumstances 0.16(0.12–0.21) 0.16(0.12–
0.21)

-2.54(-2.90– 
-2.14)

0.17(0.13–0.22) 0.15(0.08–
0.28)

0.15(0.08–
0.28)

-2.73(-3.48– 
-1.74)

0.15(0.08–0.28)

Pregnancy, puerpe-
rium and perinatal 
conditions

3.37(2.92–3.90) 3.36(2.91–
3.89)

1.52(1.30–
1.72)

2.87(2.48–3.32) 0.87(0.51–
1.47)

0.87(0.51–
1.47)

-0.20(-0.94–
0.56)

0.87(0.51–1.47)

General disorders and 
administration site 
conditions

1.14(1.12–1.16) 1.12(1.10–
1.14)

0.15(0.12–
0.18)

1.11(1.09–1.13) 1.06(1.01–
1.10)

1.05(1.01–
1.09)

0.07(0.00–
0.13)

1.05(1.00–1.09)

Skin and subcutaneous 
tissue disorders

0.53(0.51–0.54) 0.55(0.54–
0.57)

-0.81(-0.86– 
-0.76)

0.57(0.55–0.59) 0.71(0.66–
0.75)

0.73(0.69–
0.77)

-0.45(-0.54– 
-0.36)

0.73(0.69–0.78)

Endocrine disorders 0.67(0.57–0.79) 0.67(0.57–
0.79)

-0.54(-0.78– 
-0.29)

0.69(0.58–0.81) 0.30(0.17–
0.51)

0.30(0.17–
0.51)

-1.73(-2.43– 
-0.88)

0.30(0.17–0.52)

Immune system 
disorders

1.31(1.21–1.42) 1.31(1.21–
1.42)

0.36(0.24–
0.47)

1.28(1.18–1.39) 1.88(1.63–
2.17)

1.87(1.62–
2.15)

0.88(0.67–
1.09)

1.84(1.60–2.13)

Neoplasms benign, 
malignant and 
unspecified (incl cysts 
and polyps)

1.03(1.00–1.06) 1.03(1.00–
1.06)

0.04(-0.01–
0.09)

1.03(1.00–1.06) 0.58(0.53–
0.64)

0.60(0.55–
0.65)

-0.74(-0.86– 
-0.61)

0.60(0.55–0.66)

Psychiatric disorders 0.37(0.35–0.39) 0.38(0.36–
0.40)

-1.33(-1.41– 
-1.24)

0.40(0.38–0.42) 0.28(0.24–
0.33)

0.29(0.25–
0.34)

-1.78(-2.00– 
-1.55)

0.29(0.25–0.34)

Respiratory, tho-
racic and mediastinal 
disorders

1.19(1.15–1.23) 1.18(1.14–
1.21)

0.22(0.17–
0.26)

1.16(1.13–1.20) 1.31(1.23–
1.40)

1.29(1.22–
1.37)

0.36(0.27–
0.46)

1.29(1.21–1.37)

Congenital, familial and 
genetic disorders

1.28(1.07–1.54) 1.28(1.07–
1.54)

0.33(0.06–
0.59)

1.26(1.05–1.51) 0.35(0.17–
0.73)

0.35(0.17–
0.74)

-1.50(-2.40– 
-0.36)

0.35(0.17–0.74)

Surgical and medical 
procedures

0.44(0.40–0.50) 0.45(0.40–
0.50)

-1.11(-1.27– 
-0.94)

0.46(0.41–0.52) 0.61(0.49–
0.76)

0.62(0.50–
0.76)

-0.69(-1.00– 
-0.37)

0.62(0.50–0.77)

Musculoskeletal and 
connective tissue 
disorders

0.67(0.64–0.69) 0.68(0.65–
0.70)

-0.52(-0.58– 
-0.47)

0.69(0.67–0.72) 0.47(0.43–
0.52)

0.49(0.44–
0.53)

-1.03(-1.17– 
-0.88)

0.49(0.44–0.54)

Injury, poisoning 
and procedural 
complications

1.10(1.06–1.14) 1.09(1.06–
1.13)

0.12(0.07–
0.17)

1.09(1.05–1.12) 0.75(0.68–
0.81)

0.75(0.69–
0.82)

-0.40(-0.53– 
-0.27)

0.76(0.69–0.83)

Nervous system 
disorders

1.21(1.17–1.24) 1.19(1.16–
1.22)

0.23(0.19–
0.27)

1.17(1.14–1.21) 1.01(0.94–
1.08)

1.01(0.95–
1.07)

0.01(-0.09–
0.11)

1.01(0.94–1.08)

Investigations 1.05(1.02–1.08) 1.04(1.02–
1.07)

0.06(0.02–
0.09)

1.04(1.01–1.07) 0.98(0.92–
1.04)

0.98(0.93–
1.04)

-0.03(-0.11–
0.06)

0.98(0.93–1.04)

Infections and 
infestations

1.10(1.06–1.14) 1.10(1.06–
1.13)

0.12(0.07–
0.17)

1.09(1.05–1.13) 1.55(1.46–
1.66)

1.52(1.43–
1.61)

0.59(0.49–
0.69)

1.51(1.41–1.61)

Hepatobiliary disorders 1.08(1.02–1.15) 1.08(1.02–
1.14)

0.10(0.02–
0.19)

1.07(1.01–1.14) 1.04(0.92–
1.19)

1.04(0.92–
1.18)

0.06(-0.13–
0.25)

1.04(0.92–1.18)

Ear and labyrinth 
disorders

1.13(1.00–1.27) 1.12(1.00–
1.27)

0.16(-0.02–
0.33)

1.11(0.99–1.26) 0.57(0.40–
0.82)

0.58(0.40–
0.82)

-0.79(-1.29– 
-0.25)

0.58(0.40–0.83)

Table 2 Four adverse reaction signals on the 27 system organ class levels of mAb drugs
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higher than that of pertuzumab (ROR: 3.93, χ²: 140.02). 
Whereas left ventricular dysfunction (ROR: 6.57, χ²: 
658.17) is second only to cardiotoxicity in tratuzumab. 
Compared with other PTs, pertuzumab had the highest 
risk of cardiac dysfunction (ROR: 8.89, χ²: 247.00).

Analysis of the risk of hospitalization due to serious 
adverse events induced by three types of anti-HER-2 drugs
To compare and evaluate the risk of serious adverse 
events resulting in hospitalization for three anti-HER-2 
drugs, we performed a regression analysis of the SOCs 
associated with these drugs and whether patients were 
hospitalized. First, we conducted univariate regression 
analysis with the outcome of patients’ adverse reac-
tions (whether hospitalization occurred) was considered 
the response variable, and 27 SOCs associated with the 
occurrence of adverse reactions were taken as indepen-
dent variables among the three classes of drugs. Accord-
ing to the results of the univariate regression analysis, 

SOC with a p value less than 0.05 was selected for mul-
tivariate logistic regression analysis. The AUC values of 
the seven drugs in the regression analysis were all greater 
than 0.7, indicating that the regression model had good 
predictive ability.

As shown in Fig.  8, trastuzumab had 10 SOCs that 
increase the risk of hospitalization, including “infections 
and infestations (OR: 2.81)”, “surgical and medical proce-
dures (OR: 2.60)”, “respiratory, thoracic and mediastinal 
disorders (OR: 2.14)”, “metabolism and nutrition disor-
ders (OR: 1.68)”, “gastrointestinal disorders (OR: 1.61)”, 
and so on. Pertuzumab had 5 SOCs that increased the 
risk of hospitalization, including “infections and infesta-
tions (OR: 3.28)”, “metabolism and nutrition disorders 
(OR: 2.62)”, “blood and lymphatic system disorders (OR: 
2.26)”, “renal and urinary disorders (OR: 1.65)”, “gastroin-
testinal disorders (OR: 1.54)”, “psychiatric disorders (OR: 
1.24)”.

Fig. 6 SOC with significant adverse reaction signals in three anti-HER-2 agents

 

System organ class Trastuzumab Pertuzumab
ROR(95%CI) PRR(95%CI) IC(95%CI) EBGM(95%CI) ROR(95%CI) PRR(95%CI) IC(95%CI) EBGM(95%CI)

Metabolism and nutri-
tion disorders

0.80(0.76–0.84) 0.80(0.77–
0.84)

-0.29(-0.37– 
-0.22)

0.82(0.78–0.86) 1.03(0.93–
1.13)

1.03(0.93–
1.13)

0.04(-0.11–
0.18)

1.02(0.93–1.13)

Product issues 0.38(0.30–0.48) 0.38(0.30–
0.48)

-1.33(-1.66– 
-0.96)

0.40(0.31–0.51) 0.34(0.20–
0.61)

0.34(0.20–
0.61)

-1.52(-2.25– 
-0.65)

0.35(0.20–0.61)

Table 2 (continued) 
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System organ class T-DM1 T-DXd
ROR(95%CI) PRR(95%CI) IC(95%CI) EBGM(95%CI) ROR(95%CI) PRR(95%CI) IC(95%CI) EBGM(95%CI)

Eye disorders 1.75(1.55–1.98) 1.73(1.53–
1.96)

0.78(0.60–
0.96)

1.72(1.52–1.95) 0.87(0.74–
1.02)

0.87(0.74–
1.02)

-0.20(-0.44–
0.03)

0.87(0.74–1.02)

Blood and lymphatic 
system disorders

1.18(1.08–1.28) 1.17(1.08–
1.26)

0.22(0.10–
0.34)

1.17(1.07–1.27) 0.93(0.85–
1.01)

0.93(0.86–
1.01)

-0.10(-0.22–
0.03)

0.94(0.86–1.02)

Vascular disorders 0.78(0.67–0.91) 0.78(0.68–
0.91)

-0.35(-0.57– 
-0.13)

0.79(0.68–0.91) 0.52(0.44–
0.62)

0.53(0.45–
0.62)

-0.92(-1.16– 
-0.67)

0.53(0.45–0.63)

Cardiac disorders 1.10(0.97–1.24) 1.09(0.97–
1.23)

0.13(-0.05–
0.31)

1.09(0.97–1.24) 0.68(0.59–
0.79)

0.69(0.60–
0.79)

-0.53(-0.74– 
-0.32)

0.69(0.60–0.80)

Gastrointestinal 
disorders

0.78(0.73–0.84) 0.80(0.75–
0.85)

-0.32(-0.42– 
-0.22)

0.80(0.75–0.86) 1.33(1.26–
1.40)

1.28(1.23–
1.34)

0.35(0.28–
0.43)

1.28(1.21–1.35)

Reproductive system 
and breast disorders

0.68(0.51–0.91) 0.68(0.51–
0.91)

-0.54(-0.96– 
-0.11)

0.69(0.51–0.92) 0.24(0.15–
0.38)

0.24(0.15–
0.38)

-2.04(-2.63– 
-1.34)

0.24(0.15–0.38)

Renal and urinary 
disorders

0.95(0.80–1.14) 0.95(0.80–
1.14)

-0.07(-0.33–
0.19)

0.95(0.80–1.14) 0.91(0.77–
1.08)

0.91(0.77–
1.07)

-0.14(-0.38–
0.11)

0.91(0.77–1.08)

Social circumstances 0.17(0.09–0.34) 0.17(0.09–
0.34)

-2.53(-3.36– 
-1.43)

0.17(0.09–0.35) 0.87(0.65–
1.16)

0.87(0.65–
1.16)

-0.20(-0.62–
0.22)

0.87(0.65–1.16)

Pregnancy, puerpe-
rium and perinatal 
conditions

0.53(0.24–1.18) 0.53(0.24–
1.18)

-0.91(-1.90–
0.28)

0.53(0.24–1.19) 0.00(0.00–
0.00)

0.00(0.00–
0.00)

0.00(0.00–
0.00)

0.00(0.00–0.00)

General disorders and 
administration site 
conditions

1.15(1.10–1.22) 1.13(1.08–
1.18)

0.17(0.10–
0.25)

1.13(1.07–1.19) 1.47(1.40–
1.53)

1.37(1.32–
1.42)

0.45(0.38–
0.51)

1.37(1.31–1.43)

Skin and subcutaneous 
tissue disorders

0.38(0.35–0.42) 0.41(0.37–
0.45)

-1.28(-1.43– 
-1.14)

0.41(0.37–0.45) 0.30(0.27–
0.33)

0.32(0.29–
0.35)

-1.63(-1.78– 
-1.48)

0.32(0.29–0.36)

Endocrine disorders 0.49(0.30–0.82) 0.50(0.30–
0.82)

-1.01(-1.68– 
-0.24)

0.50(0.30–0.83) 0.42(0.25–
0.70)

0.42(0.26–
0.70)

-1.23(-1.90– 
-0.45)

0.43(0.26–0.71)

Immune system 
disorders

0.83(0.64–1.07) 0.83(0.64–
1.07)

-0.27(-0.63–
0.10)

0.83(0.64–1.07) 0.38(0.27–
0.54)

0.38(0.27–
0.54)

-1.38(-1.85– 
-0.85)

0.38(0.27–0.54)

Neoplasms benign, 
malignant and 
unspecified (incl cysts 
and polyps)

0.91(0.84–0.99) 0.92(0.85–
0.99)

-0.12(-0.25–
0.00)

0.92(0.84–1.00) 0.59(0.54–
0.65)

0.61(0.55–
0.67)

-0.71(-0.85– 
-0.57)

0.61(0.55–0.67)

Psychiatric disorders 0.31(0.26–0.37) 0.32(0.27–
0.37)

-1.65(-1.90– 
-1.39)

0.32(0.27–0.38) 0.33(0.28–
0.38)

0.34(0.29–
0.39)

-1.56(-1.79– 
-1.33)

0.34(0.29–0.40)

Respiratory, tho-
racic and mediastinal 
disorders

1.31(1.22–1.41) 1.29(1.20–
1.38)

0.36(0.25–
0.47)

1.29(1.19–1.39) 2.33(2.20–
2.46)

2.17(2.07–
2.28)

1.10(1.02–
1.18)

2.14(2.03–2.27)

Congenital, familial and 
genetic disorders

0.65(0.34–1.25) 0.65(0.34–
1.25)

-0.62(-1.49–
0.35)

0.65(0.34–1.25) 0.31(0.13–
0.74)

0.31(0.13–
0.74)

-1.69(-2.70– 
-0.33)

0.31(0.13–0.75)

Surgical and medical 
procedures

0.45(0.33–0.61) 0.45(0.33–
0.61)

-1.14(-1.56– 
-0.68)

0.45(0.33–0.61) 1.13(0.95–
1.36)

1.13(0.95–
1.35)

0.18(-0.09–
0.44)

1.13(0.94–1.35)

Musculoskeletal and 
connective tissue 
disorders

0.64(0.58–0.71) 0.66(0.59–
0.72)

-0.60(-0.75– 
-0.45)

0.66(0.59–0.73) 0.28(0.24–
0.32)

0.29(0.26–
0.33)

-1.76(-1.96– 
-1.55)

0.29(0.26–0.34)

Injury, poisoning 
and procedural 
complications

0.82(0.74–0.91) 0.83(0.75–
0.91)

-0.27(-0.42– 
-0.12)

0.83(0.75–0.92) 2.07(1.95–
2.21)

1.98(1.87–
2.10)

0.97(0.87–
1.06)

1.96(1.84–2.08)

Nervous system 
disorders

1.45(1.35–1.55) 1.41(1.33–
1.50)

0.49(0.39–
0.59)

1.41(1.31–1.51) 0.74(0.68–
0.81)

0.75(0.69–
0.82)

-0.40(-0.53– 
-0.28)

0.76(0.69–0.82)

Investigations 1.47(1.38–1.55) 1.41(1.34–
1.48)

0.49(0.40–
0.57)

1.40(1.32–1.49) 0.81(0.75–
0.87)

0.82(0.77–
0.88)

-0.28(-0.38– 
-0.18)

0.82(0.77–0.88)

Infections and 
infestations

1.35(1.24–1.47) 1.33(1.23–
1.44)

0.41(0.29–
0.53)

1.33(1.22–1.44) 1.39(1.29–
1.50)

1.37(1.28–
1.47)

0.45(0.34–
0.56)

1.36(1.27–1.47)

Hepatobiliary disorders 3.09(2.82–3.40) 3.00(2.74–
3.28)

1.56(1.41–
1.69)

2.94(2.68–3.23) 1.46(1.29–
1.65)

1.45(1.29–
1.63)

0.53(0.35–
0.70)

1.44(1.28–1.63)

Ear and labyrinth 
disorders

1.05(0.76–1.45) 1.05(0.76–
1.44)

0.07(-0.40–
0.53)

1.05(0.76–1.45) 0.42(0.27–
0.67)

0.42(0.27–
0.67)

-1.23(-1.85– 
-0.52)

0.43(0.27–0.68)

Table 3 Four adverse reaction signals on the 27 system organ class levels of ADC drugs
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Among the ADC drugs, T-DM1 had 5 SOCs that 
increase the risk of hospitalization, including “infec-
tions and infestations (OR: 4.49)”, “renal and urinary 
disorders(OR: 2.27)”, “metabolism and nutrition disorders 
(OR: 1.89)”, “cardiac disorders (OR: 1.47)”, “blood and 
lymphatic system disorders (OR: 1.27)” (Fig.  9). T-DXd 
had 10 SOCs that increased the risk of hospitalization, 
including “endocrine disorders (OR: 22.7)”, “infections 
and infestations (OR: 3.73)”, “surgical and medical pro-
cedures (OR: 3.10)”, “metabolism and nutrition disorders 
(OR: 2.85)”, “vascular disorders (OR: 2.59)” and so on. 
From the forest map, we can observe that “endocrine dis-
orders” induced by T-DXd represent the most significant 
risk factor for patient hospitalization.

The results for the TKI drugs are shown in Fig.  10. 
Lapatinib showed that 11 SOCs, including “infections 
and infestations (OR: 4.59)”, “surgical and medical proce-
dures (OR: 3.87)”, “blood and lymphatic system disorders 
(OR: 3.83)”, “metabolism and nutrition disorders (OR: 
3.72)”, “renal and urinary disorders (OR: 2.86)”, “repro-
ductive system and breast disorders (OR: 2.22)”, “vascu-
lar disorders (OR: 2.11)”, “cardiac disorders (OR: 1.90)”, 
“hepatobiliary disorders (OR: 1.82)”, “respiratory, thoracic 
and mediastinal disorders (OR: 1.80)” and “nervous sys-
tem disorders (OR: 1.31)” increased the risk of hospital-
ization for patients. The results of neratinib treatment 
revealed that 8 SOCs increased the risk of hospitalization 
for patients. Among these factors, the risk of hospitaliza-
tion for patients due to “surgical and medical procedures 
(OR: 12.48)” is the highest, followed by “cardiac disor-
ders (OR: 3.81)” and “hepatobiliary disorders (OR: 3.77)”. 
Compared with others, tucatinib is associated with rela-
tively fewer risk factors for hospitalization of patients. 
There are 6 SOCs that may increase the risk of hospital-
ization, including “surgical and medical procedures (OR: 
6.65)”, “infections and infestations (OR: 5.59)”, “endocrine 
disorders (OR: 5.18)”, “respiratory, thoracic and mediasti-
nal disorders (OR: 2.21)”, “metabolism and nutrition dis-
orders (OR: 1.76)”, “nervous system disorders (OR: 1.45)”.

Discussion
With the increasing incidence and mortality of breast 
cancer and the expanding use of anticancer drugs, the 
management of adverse events associated with anti-
breast cancer drugs has become a major challenge and 
requires further research. Using real-world data, we 

compared the adverse effects of three classes of anti-
HER-2 targeted drugs for the treatment of HER-2 breast 
cancer for the first time, thus discovering the impact 
of these anti-HER-2 drugs on various body systems in 
patients more comprehensively and extensively.

From the perspective of the overall characteristics of 
patients, most of the sources of adverse reaction reports 
were concentrated in areas with relatively high social 
development levels. Some epidemiological studies have 
shown that there is a correlation between the level of 
national economic development and the incidence and 
mortality of breast cancer [28]. In regions with a low 
level of development, the incidence and mortality rates 
of breast cancer are relatively high [29]. This situation 
clearly demonstrates that these underdeveloped areas 
attach insufficient importance to the diagnosis and treat-
ment of breast cancer, as well as drug vigilance. Hence, 
efforts should be made to enhance the understanding of 
drug safety, conduct publicity and education, and pro-
mote the extensive application of drug vigilance research 
in clinical practice. This will help reduce the occurrence 
of disease aggravation and complications resulting from 
adverse drug reactions and interactions, especially for 
antitumor drugs.

In this study, the collated data revealed that the larg-
est proportion of patients who experienced ADRs after 
using anti-HER-2 drugs were aged 45–64 years. The 
number of ADR reports was also greater in patients aged 
45–64 years, but the number of ADRs after medication 
was lower in patients aged 18–44 years and the lowest in 
those younger than 18 years. This may be related to the 
age of onset of breast cancer itself and the hormone lev-
els of female patients. Studies have shown that late meno-
pause is believed to be achieved after the age of 54 years 
and increases the risk of breast cancer by twofold com-
pared with that of menopause achieved before the age 
of 45 years [30, 31]. The meta-analysis also revealed that 
women who had not reached menopause had a greater 
risk of developing breast cancer than postmenopausal 
women of the same age. Women in late menopause are 
also predisposed to the development of steroid-express-
ing breast cancer [31].

Currently, HER-2 pathway-blocking drugs used world-
wide to treat HER-2-positive breast cancer include 
mAbs, ADCs, and TKI agents. Trastuzumab and pertu-
zumab are the most commonly used monoclonal drugs 

System organ class T-DM1 T-DXd
ROR(95%CI) PRR(95%CI) IC(95%CI) EBGM(95%CI) ROR(95%CI) PRR(95%CI) IC(95%CI) EBGM(95%CI)

Metabolism and nutri-
tion disorders

0.91(0.80–1.03) 0.91(0.80–
1.02)

-0.14(-0.32–
0.04)

0.91(0.80–1.03) 1.34(1.22–
1.47)

1.33(1.21–
1.46)

0.40(0.26–
0.54)

1.32(1.20–1.46)

Product issues 0.70(0.44–1.13) 0.70(0.44–
1.13)

-0.50(-1.16–
0.20)

0.71(0.44–1.14) 0.57(0.35–
0.93)

0.57(0.35–
0.93)

-0.81(-1.48– 
-0.07)

0.57(0.35–0.93)

Table 3 (continued) 
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for treating HER-2-positive BC. Trastuzumab has been 
widely utilized since its approval in the United States 
in 1998 and in Europe in 2000 [32]. The FDA approved 
pertuzumab as a standard treatment for HER-2-positive 
metastatic breast cancer in 2012 [33]. It is also the first 
agent in oncology to receive accelerated FDA approval in 
the neoadjuvant setting. T-DM1 and T-DXd are ADCs, 
and both consist of a humanized anti-HER-2 monoclonal 
antibody linked to a potent cytotoxic payload [34–36]. 

T-DXd was granted accelerated approval in the USA on 
December 20, 2019 for the treatment of adult patients 
with unresectable or metastatic HER-2-positive breast 
cancer who had received two or more prior anti-HER-2-
based regimens in the metastatic setting [37]. In February 
2013, the US FDA granted marketing approval for T-DM1 
[38], which is indicated as a single agent for the treatment 
of patients with HER-2-positive, metastatic breast cancer 
who previously received trastuzumab and a taxane, either 

Fig. 8 Regression analysis of the risk of hospitalization due to serious adverse events associated with mAb

 

Fig. 7 Comparison of PT signal intensity in SOCs associated with three anti-HER-2 agents

 



Page 16 of 20Han et al. Breast Cancer Research           (2025) 27:54 

separately or in combination [39]. Lapatinib, an oral dual 
tyrosine kinase inhibitor, blocks HER-1 and HER-2 tyro-
sine kinase activity by binding to the ATP-binding site 
of the receptor’s intracellular domain, resulting in the 
inhibition of tumor cell growth [40]. Lapatinib was first 
approved in 2007 by the FDA and in 2008 by the EMEA 
for its combined use with capecitabine in patients with 
advanced HER-2-positive breast cancer after progression 
upon therapy with anthracyclines, taxanes, and trastu-
zumab [39]. Tucatinib is a small-molecule drug that was 
approved in April 2020 by the US FDA for combination 
therapy with trastuzumab and capecitabine for the treat-
ment of adult patients with advanced, unresectable, or 
metastatic HER-2-positive breast cancer [41]. Neratinib 
is an oral, small-molecule, panhuman TKI approved by 
the US Food and Drug Administration (FDA) in 2017 
[42–45] for the extended adjuvant treatment of adults 
with early-stage HER-2 overexpressed/amplified breast 
cancer to follow adjuvant trastuzumab-based therapy in 
the USA [46].

In this study, trastuzumab had the highest number of 
reported adverse events, probably because it has been 
on the market for the longest time. In contrast, fewer 

adverse events have occurred with pertuzumab since its 
introduction. Similarly, the proportion of patients who 
died with adverse events associated with trastuzumab 
(12.03%) was greater than that associated with pertu-
zumab (9.38%). Although T-DXd has been on the mar-
ket for a short time, the number of reported adverse 
events is high. The mortality of patients with adverse 
events associated with T-DXd (23.86%) was greater 
than that associated with T-DM1 (14.81%). The mortal-
ity of T-DXd was also the highest among all seven drugs 
(Fig.  3). Our data are consistent with those of previous 
studies. One study reported that the proportion of fatal 
outcomes with T-DXd was nearly twice as high as that 
with T-DM1 [47]. This may be related to the inherent 
nature of ADC drugs, in which T-DXd has a uniquely 
high drug-to-antibody ratio of approximately 8, whereas 
the T-DM1 is 3.5 [35, 36]. According to data from the last 
5 years, although lapatinib was put on the market earlier, 
the incidence of adverse reactions is relatively low com-
pared with that of the other two classes of drugs. Since 
TKI drugs are frequently administered in combination 
with other medications, and our study focused solely 
on the adverse reactions associated with the use of TKI 

Fig. 9 Regression analysis of the risk of hospitalization due to serious adverse events associated with ADC drugs
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drugs as monotherapy, the findings are subject to certain 
limitations.

To analyze the signal strength of adverse drug reac-
tions under different SOCs, we used disproportionation 
analysis to evaluate the adverse drug reaction signals of 
three classes of drugs of 27 SOCs. Trastuzumab and per-
tuzumab had the strongest ADR signals associated with 
“cardiac disorders”. In particular, the ROR of trastuzumab 

was 3.51 (95% CI: 3.40–3.63), and the PRR was 3.34 (95% 
CI: 3.24–3.45). Both the IC and EBGM also showed sig-
nificant ADR signals. Our results indicate that tratu-
zumab (ROR: 12.71, χ²: 3321.87) was associated with a 
greater risk of cardiotoxicity than pertuzumab (ROR: 
3.93, χ²: 140.02). Left ventricular dysfunction (ROR: 6.57, 
χ²: 658.17) is second only to cardiotoxicity in tratuzumab. 
Compared with other PTs, pertuzumab had the highest 

Fig. 10 Regression analysis of the risk of hospitalization due to serious adverse events associated with TKI drugs
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risk of cardiac dysfunction (ROR: 8.89, χ²: 247.00). Many 
studies have shown that cardiac toxicity, presenting as 
cardiac failure, is associated with trastuzumab therapy 
and its adverse cardiac reaction, which is also the most 
significant specific adverse event during treatment [48, 
49]. Congestive heart failure is the most severe manifesta-
tion, while asymptomatic left ventricular ejection fraction 
decline is more prevalent among patients [49–51]. This is 
also consistent with our research conclusion. Therefore, 
during the treatment of breast cancer patients with per-
tuzumab, clinicians and pharmacists should pay more 
attention to adverse cardiac toxicity reactions and pro-
vide patients with early intervention and treatment. Early 
studies reported that patients have adverse reactions to 
diseases of the Blood and lymphatic system, especially 
neutropenia, during treatment with pertuzumab [52]. 
However, in our study, the SOCs of “blood and lymphatic 
system disorders” and “immune system disorders” also 
presented significant ADR signals with pertuzumab. In 
addition, trastuzumab also showed a significant ADR sig-
nal in “pregnancy, puerperium and perinatal conditions”, 
in addition to its considerable ADR signal in “cardiac dis-
orders”. Studies have been conducted in that trastuzumab 
transfer through the placenta has been observed during 
the early (days 20–50 of gestation) and late (days 120–150 
of gestation) pregnancy fetal complications [53]. And 
regarding trastuzumab administration during pregnancy, 
trastuzumab may mediate the reduction of amniotic fluid 
or some fetal complications [54].

Among the three types of drugs, ADC drugs have rela-
tively more SOCs with significant adverse reaction sig-
nals. Hepatotoxicity is a serious adverse event associated 
with T-DM1 therapy, and it is dependent on the dose 
[55]. In this study, the results revealed that the stron-
gest signals of T-DM1 associated with SOC is “hepato-
biliary disorders”. The ROR of T-DM1 was 3.09 (95% CI: 
2.82–3.40), and the PRR was 3.00 (95% CI: 2.74–3.28). 
Some researchers have reported that TE-related hepa-
totoxicity leads to systemic changes in liver structure/
function with resultant pathological changes in the portal 
venous system, such as portal hypertension, splenomeg-
aly, esophageal varices, spider nevus and splenomegaly 
induced hypersplenism, which manifests as thrombo-
cytopenia. These changes may be triggered mostly by 
hepatic nodular regenerative hyperplasia and/or hepatic 
cirrhosis [19, 56, 57]. T-DXd had a significant ADR sig-
nal in “respiratory, thoracic and mediastinal disorders” 
and “injury, poisoning and procedural complications”. 
In previous studies, adverse reactions, including nausea, 
fatigue, vomiting, alopecia, constipation, decreased appe-
tite, anemia, neutropenia, diarrhea, leukopenia, cough 
and thrombocytopenia interstitial lung disease, pneu-
monia, cellulitis, hypokalemia, and intestinal obstruc-
tion, occurred in patients with unresectable or metastatic 

HER-2-positive breast cancer receiving T-DXd [40]. The 
results of this study showed that the respiratory system 
is the most significant SOC for the occurrence of adverse 
reactions during T-DXd treatment, which is consistent 
with previously reported conclusions. Therefore, changes 
in liver function and the respiratory system should be 
specifically monitored and managed during T-DM1 
and T-DXd use in breast cancer patients to reduce the 
incidence of complications in cancer patients during 
treatment.

We found that all three TKI drugs had obvious ADR 
signals in “gastrointestinal diseases”, among which nera-
tinib had the strongest signal, followed by lapatinib. 
Studies have shown that gastrointestinal toxicity, such 
as diarrhea, remains the most common adverse event 
associated with neratinib [58, 59]. The results of this 
study also revealed that diarrhea is the riskiest and most 
frequently reported adverse event associated with TKI 
drugs in the SOC of patients with gastrointestinal dis-
eases. Therefore, health care professionals should advise 
patients to recommend fluid and electrolyte supplemen-
tation as needed. In addition, the significant ADR sig-
nal in Surgical and medical procedures of neratinib and 
tucatinib may be caused by the characteristics of breast 
cancer treatment, such as the performance of surgical 
treatment (such as breast reconstruction) or the replace-
ment of other chemotherapy regimens due to drug resis-
tance and cancer progression. Moreover, we should pay 
attention to the adverse reactions associated with nera-
tinib-related metabolic and nutritional disorders. Studies 
have also identified the AEs of Metabolism and nutri-
tional disorders, such as hypokalemia, weight decrease 
[60], decreased appetite, and dehydration [61].

To explore factors associated with an increased risk of 
patient hospitalization, multivariate logistic regression 
analysis was conducted on 27 SOCs for which signals 
were detected. The results revealed that “infections and 
infestations”, “metabolism and nutrition disorders”, “renal 
and urinary disorders” and “gastrointestinal disorders” 
were the four factors strongly associated with hospitaliza-
tion or prolonged hospital stay in the course of treatment 
with mAb agents. Moreover, “infections and infestations”, 
“renal and urinary disorders”, “metabolism and nutrition 
disorders”, “cardiac disorders” and “blood and lymphatic 
system disorders” were the five factors associated with 
the highest risk of prolonged hospital stay due to ADC 
agents. In comparison, the safety of tucatinib among TKI 
drugs is greater than that of other drugs. The cases for 
lapatinib and neratinib were more complicated. These 
findings suggest that physicians and clinical pharmacists 
should inform patients about the potential occurrence 
of these SAEs in advance. It is essential to take preven-
tive measures, promptly identify SAEs, and implement 
appropriate interventions to minimize patient harm.
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Conclusion and limitations
Based on the FAERS database, we assessed and compared 
the adverse effects of three classes of anti-HER-2 targeted 
drugs for the treatment of HER-2-related breast cancer. 
In general, from the perspective of the effects of the three 
classes of drugs on the various body systems of patients, 
we should focus on mAb-associated cardiac disorders, 
ADC-associated hepatobiliary disorders, respiratory, 
thoracic and mediastinal disorders, and TKI-associated 
gastrointestinal disorders. Our study provides valuable 
evidence for early clinical intervention and identifica-
tion of the risk of adverse reactions associated with anti-
HER-2 drugs. Furthermore, this study has certain guiding 
significance for the formulation of treatment plans and 
drug selection for HER-2-positive breast cancer patients 
by clinicians.

Although this study is based on a large sample of real-
world data, it has certain limitations. The FAERS data-
base is a spontaneous reporting system. Due to its own 
limitations, there are phenomena such as underreporting, 
re-reporting, and incomplete case information. Because 
most of the FAERS data were from the United States, the 
results of the study may be biased from the actual situa-
tion in other countries. Furthermore, although we have 
set certain criteria for the inclusion of patients, we can-
not rule out the possibility that patients may have multi-
ple complications and other complex physical conditions. 
Clinically, many patients tend to adopt the treatment 
approach of combining multiple drugs. However, this 
study only analyzed and evaluated the adverse events and 
safety signals associated with three classes of anti-HER-2 
drugs used in HER-2 breast cancer monotherapy. In the 
future, we will continue to explore the safety of more 
combined treatments for breast cancer and the interac-
tions among various drugs combined together.
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